Abstract. Liposomal amphotericin B is being used increasingly to reduce the burden of kala-azar from the Indian subcontinent. There are studies which have evaluated efficacy and safety of liposomal amphotericin B for visceral leishmaniasis in all age groups. However, the only study that specifically addressed treatment of childhood visceral leishmaniasis did not include all ages or document renal and liver function. We, therefore, felt it was important to reassess the efficacy and safety of single dose liposomal amphotericin B in children and adolescents. A total of 100 parasitologically confirmed visceral leishmaniasis patients aged < 15 years were included in this study. Participants consisted of 65 males and 35 females. All of them had come from the endemic region of Bihar. They were administered one dose intravenous infusion of liposomal amphptericin B at 10 mg/kg body weight. Efficacy was assessed as initial and final cure at 1 and 6 months, respectively, and safety of all participants who were recruited in the study. The initial and final cure rate by per protocol analysis was 100% and 97.9%, respectively. Chills and rigors were the most commonly occurring adverse events (AEs). All the AEs were mild in intensity, and none of the patients experienced any serious AEs. No patients developed nephrotoxicity. Our finding indicates that liposomal amphotericin B at 10 mg/kg body weight is safe and effective in children. Results of our study support the use of single dose liposomal amphotericin B in all age group populations for elimination of kala-azar from the Indian subcontinent.
INTRODUCTION
Visceral Leishmaniasis ( VL), also known as kala-azar, is a neglected tropical disease caused by the parasite Leishmania donovani in the Indian subcontinent. VL is transmitted by the bite of infected female phlebotomine sand flies. The disease is characterized by fever, hepatomegaly, splenomegaly, pancytopenia, weakness, and weight loss. More than 90% of global VL cases occur in Bangladesh, India, Nepal, Sudan, Ethiopia, and Brazil. 1 It is highly endemic in the Indian state of Bihar, Jharkhand, West Bengal and Uttar Pradesh. In India, 40% of the VL patients are children. 2 The disease commonly occurs among the poorest of the poor people belonging to the rural community. VL itself is a life threatening disease; its fatality is further intensified by coassociation with other emerging systemic disorders such as human immunodeficiency virus (HIV ), tuberculosis, leprosy, etc. This has been identified as a major barrier in the control and elimination strategy of kala-azar from the Indian subcontinent. It is estimated that about 5-10% of successfully treated VL cases convert to post-kala-azar dermal leishmaniasis (PKDL) within 6 months to 2 years. 3 There are limited drugs for the treatment of VL. Despite the life threatening toxicity of sodium antimony gluconate, it was the treatment of choice for VL over several decades. But because of its widespread resistance and treatment failure in the state of Bihar, its use has been restricted. 4 Miltefosine is the only drug available orally for the treatment of VL but its efficacy is gradually decreasing over time. 5 It is contraindicated in pregnant and lactating women and children less than 2 years of age owing to its teratogenic potential. Gastrointestinal side effects are the other limiting factor for routine clinical use. Paromomycin, an aminoglycoside antibiotic had shown high efficacy (cure rate 94.2%). 6 However, it is associated with ototoxicity and nephrotoxicity. In addition, daily painful intramuscular injection for 21 days is the major demerit for its widespread use.
Amphotericin B deoxycholate is used in a dose of 1 mg/kg body weight daily or alternate days for 15-20 infusions. 7 This drug is associated with numerous adverse drug reactions such as nephrotoxicity, hypokalemia, fever, and chills resulting in treatment discontinuation and noncompliance. The advancement of research in pharmaceutical formulation led to the discovery of a liposomal form of amphotericin B (AmBisome, Gilead). This modified form of amphotericin B specifically reaches the targeted organs such as liver, spleen, etc. and avoids exposure to other organs thereby minimizing the toxicity unlike conventional amphotericin B. A study with a single dose of AmBisome at 10 mg/kg IV has shown excellent result of safety and efficacy (cure rate of > 95%) in the Indian subcontinent. 8 In the Indian subcontinent, studies were conducted with a single dose of AmBisome. However, no study was conducted exclusively in children and adolescents. A study in Bangladesh has successfully treated VL in mixed population, including children with a single dose of liposomal amphoterecin B. No significant difference was documented with regard to safety and efficacy in contrast to adults. 9 The consensus among experts in Bihar is that 10 mg/kg single-dose first-line treatment should be prioritized for implementation in all endemic areas in India. Therefore, we aimed to assess the efficacy and safety of liposomal amphotericin B exclusively in children and adolescents. Study procedure. All the patients attended the outpatient department of RMRIMS with signs and symptoms suggestive for VL and had positive rK39 strip test. All were immediately admitted to the indoor setting. They were processed through splenic/bone marrow aspiration for parasitological confirmation. Patients with confirmed VL underwent biochemical and hematological investigations for baseline evaluation. All the eligible patients were treated as per the recommended guideline, that is single dose of Liposomal amphotericin B (AmBisome, Gilead Pharmaceuticals, Foster City, CA) at 10 mg/kg body weight, dissolved in 5% dextrose, administered by intravenous infusion over 2 hours. AmBisome was stored in a refrigerator at 2-8°C before administration. Patients were closely monitored (blood pressure, pulse rate, temperature, etc.) during infusion for adverse events (AEs). Patients were hospitalized for 7 days or longer, if severely ill or as per the investigator's discretion. On discharge, all the patients were counseled properly to report any AEs they experienced. They were also advised to visit after 1 and 6 months for follow-up.
Inclusion criteria. Participants of either sex, aged less than 15 years, and having clinical signs and symptoms consistent with kala-azar and positive rK39 test (Inbios) were included. The diagnosis was confirmed by parasitological analysis of splenic or bone marrow aspiration. Only parasitologically confirmed cases were included in the study.
Exclusion criteria. Exclusion criteria were hemoglobin (Hb) < 5 g/100 mL; white blood cells count < 1,000/mm 3 ; thrombocyte count < 50,000/mm 3 ; alanine transaminase, aspartate transaminase, and alkaline phosphatase > 2.5 times upper limit of normal range; bilirubin ³ 2 times upper limit of normal, serum creatinine or blood urea nitrogen ³ 1.5 times upper limit of normal. Patients seropositive for HIV, hepatitis B and C, hypersensitivity to amphotericin B or inactive ingredients of the amphotericin B formulation were also excluded.
The rK39-negative patients were classified as non-kala-azar cases and managed by the treating physician for an alternative illness.
Safety assessment. Patients were observed daily for the identification of AEs. They were subjected for hematological and biochemical tests, which included complete blood count, liver function test, serum urea and creatinine, serum electrolyte, etc. These tests were done at baseline, on the day of discharge and at 1 and 6 months follow-up. Grading of toxicity was done in accordance with the National Cancer Institute Common Terminology Criteria (NCI-CTC) AE, version 3.
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Efficacy assessment. Efficacy was measured by initial cure at day 30 as absence of Leishmania donovani (LD) bodies (Grade 0 parasitic scores) in splenic or bone marrow aspirate smears and absence of fever or body temperature below 99°F, weight gain, improvement in hematological and biochemical parameters, and regression in spleen size compared with baseline values. Final cure was assessed at 6 months by complete regression of signs and symptoms of VL and absence of parasites in bone marrow/splenic aspirate smears. Treatment failure was defined as the nonimprovement in sign and symptoms of VL or relapse at any point during the followup period, which was confirmed by a positive bone marrow or splenic aspirate.
Rescue therapy. Patients who were withdrawn from the study or relapsed at any point during follow up visit received rescue treatment with amphotericin B in the dose of 1 mg/kg body weight alternate days for 15 infusions in 5% dextrose slow intravenously.
Data analysis. Data was analyzed by using SPSS software (version 16). Paired t test was applied for the comparison of mean before and after an intervention, and results were expressed as mean ± SD.
P value less than 0.05 was considered statistically significant.
RESULTS
A total of 113 VL patients were screened and 100 were eligible to be enrolled. The majority of patients (65%) were male, and half of the patients were between the age group of 4-10 years. Fourteen patients had a past history of VL for which they had been treated with different antileishmanial drugs ( Table 1) and all of them had completed the full course of therapy.
At study enrollment, most of the cases presented with fever and anemia. Splenomegaly, hepatomegaly, anorexia, cough, and diarrhea were among the other symptoms. The average number of weeks the patients reported to have illness before study enrollment was 8.03, and 34% of cases had been ill for 10 weeks or longer. The detailed clinico-epidemiological characteristics of the patients at study enrollment are shown in (Table 1) . Efficacy. Posttreatment assessment was done at the 30 days follow-up visit. All the patients were afebrile with complete regression of spleen size. There was a remarkable improvement of hematological parameters and body weight at 1 and 6 month follow-up. The clinical parameters that indicate the treatment effectiveness are presented in (Table 2) . Splenic/ bone marrow aspiration revealed the absence of parasites in all the cases. Thus, the initial cure rate was 100%. Three patients did not turn up for the 6 months follow-up visit. Two patients relapsed at 4 and 6 months, respectively (Figure 1 ). Relapsed cases were characterized by recurrence of fever, splenomegaly, and worsening of biochemical and hematological parameters. Splenic aspiration from these patients demonstrated the presence of LD bodies. Definitive cure rate at 6 months by per protocol analysis was 97.9% [95% confidence interval: 92.7-99.4]. The relapsed cases were successfully treated with amphotericin B at 1 mg/kg body weight for 15 infusions in 5% dextrose on alternate days.
Safety. A total of 40 AEs were reported in the study. Chills and rigors were the most commonly occurring AEs followed by elevations of hepatic enzyme levels, abdominal pain, vomiting, etc. None of the patient developed nephrotoxicity, bleeding, or any serious AEs. All the AEs were mild in severity and resolved in RMRIMS without referral. Chills and rigors were experienced by 18 patients, but none of them discontinued the treatment and no drug intervention was required. The summary of AEs reported in the study is shown in ( Table 3) .
DISCUSSION
Government of India targeted kala-azar elimination by 2017 with the goal to achieve kala-azar incidence less than 1 case/ 10,000 population at subdistrict [block primary health centers (PHCs)] level. 11 The major strategies for kala-azar elimination under the national program are early diagnosis, complete treatment, and integrated vector management by indoor residual spray with synthetic pyrethroid. Owing to the effectiveness, ease of use, and assured compliance, the World Health Organization has recommended liposomal amphotericin B in a single dose of 10 mg/kg as the first line treatment in the Indian Subcontinent. Accordingly, it has been included in the program by the National Vector Borne Disease Control Program (NVBDCP).
Single dose liposomal amphotericin B (L-AmB) at 10 mg/kg body weight had showed promising efficacy (97.9%) and safety in children under this study. A similar result was also observed in Bangladesh among the mixed population of children and adults, stating that the single dose of AmBisome is safe and effective (cure rate 97%) in the treatment of VL. 9 However, the report from Bangladesh was based solely on rK39 antigen test but, in this study, VL diagnosis was confirmed through parasitological assessment in splenic/bone marrow aspirates. Besides, we performed complete blood cell count and liver and kidney function tests at baseline, after treatment and at follow-up visits. These together generate strong evidence toward the efficacy and safety of single dose liposomal amphotericin B in children and adolescents. A prospective, open level study in children with two different dosage regimens of liposomal amphotericin B in the Mediterranean VL revealed that L-AmB at 10 mg/kg daily for 2 days produces greater therapeutic benefit without increasing toxicity in contrast to 4 mg/kg daily for 5 days. 12 An open-label study by Sundar et al. 7 tried conventional versus lipid formulations of amphotericin B (amphotericin B lipid complex and liposomal amphotericin B) in the treatment of VL and reported similar efficacy of all the formulations. However, with regard to safety, liposomal formulation (AmBisome) was found to have lower rates of toxicity in contrast to conventional amphotericin B deoxycholate or amphotericin B lipid complex. 7 Currently, all the antileishmanial drugs are facing a growing crisis of drug resistance, hence interest to find out the combination therapy are increasing day by day among researchers and scientists. L-AmB had also been successfully tried in combination with miltefosine and paromomycin. A randomized controlled study of a single dose liposomal amphotericin B at 3.75-5 mg/kg followed by oral miltefosine for 7, 10, or 14 days reported that the efficacy is almost similar in all groups (cure rate 96% or higher). 13 Similarly, single injection of 5 mg/kg liposomal amphotericin B was combined with single 10-day 11 mg/kg intramuscular paromomycin demonstrated high cure rate (97.5%). 14 The therapeutic outcome for VL is not satisfactory; moreover, available treatment options for childhood VL are prohibited by many factors. Miltefosine, which is used orally for VL, is contraindicated in children below 2 years of age, in addition to its gastrointestinal side effects; children may face difficulty in swallowing the capsules. Conventional amphotericin B deoxycholate, although consistently showing high efficacy in VL, nephrotoxicity and hypokalemia are major problems associated with it. Prolonged hospitalization and close monitoring of patients are also required for this regimen. Paromomycin is another treatment choice found to be effective in VL but its efficacy in children is yet to be established. 15 Considering all these treatment difficulties liposomal amphotericin B (AmBisome) remains the only option left for the treatment of childhood VL. AmBisome besides being less toxic and highly effective carries several other advantages in terms of better compliance (owing to single dose administration), reduced period of hospitalization, suitability for pregnant women and children, 16 and is feasible to be administered at rural hospitals. 9 In addition, it had a lower conversion rate to PKDL, which is considered as a reservoir of parasites. The major limitations are affordability and instability at high temperature (cold chain is needed). As VL affects poorest of poor people, cost effectiveness was a major barrier to get access to this therapy earlier. Since 2007, Gilead has reduced the price of AmBisome for all VL affected low-and middle-income countries, and at present it is being provided free of cost by the Government of India /NVBDCP at PHCs and Sadar hospitals as well as at tertiary level facilities.
Safety and tolerability profile of single dose AmBisome was found excellent. Although the majority of AEs had a definite relationship with the study drug, all the AEs were mild in intensity. Chills and rigors were the most commonly occurring drug related AEs. The hepatic enzymes level was mildly elevated in 8% patients. We did not find elevated serum creatinine or renal impairment in any patient, which is in concordance with the previous studies.
17 -19 This indicates that nephortoxicity is rarely occurring with AmBisome. These findings were consistent with other studies where common AEs reported with different doses of liposomal amphotericin B were chills, rigors, nausea, vomiting, and back pain. [20] [21] [22] In conclusion, single dose liposomal amphotericin B at 10 mg/kg was found to be safe and effective in children. Therefore, continued use of this drug in the treatment of VL in all age groups is recommended and is of great value in the Kala-azar Elimination Program. 
